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Experimental 

Crystal data 

[Sn(C 6 H 11 ) 3 (C 7 H 3 Br 2 0 3 )] 

M, = 663.05 

Monoclinic, P2i/c 

a = 9.4912 (13) A 

b = 17.640 (2) A 

c = 18.0655 (18) A 

B = 117.200 (5)° 

Data collection 

Bruker SMART APEX area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
= 0.506, T max = 0.694 

Refinement 

R[F 2 > 2a(F 2 )] = 0.048 

wR(F 2 ) = 0.136 

S = 1.03 

5000 reflections 

280 parameters 



V = 2690.1 (5) A 3 
Z = 4 

Mo Ka radiation 
/x = 3.94 mnT 1 
T = 295 K 

0.20 x 0.20 x 0.10 mm 



19711 measured reflections 
5000 independent reflections 
3416 reflections with / > 2a(I) 
R iM = 0.050 



20 restraints 

H-atom parameters constrained 
A/w = 1.18 e A~ 3 
Apmin = -0.93 e A~ 3 



In the title compound, [Sn(C 6 H 11 )3(C7H 3 Br203)], the Sn atom 
is four-coordinate and possesses a distorted Sn(C 3 0) tetra- 
hedral geometry, with Sn— C bond lengths in the range 
2.132 (6)-2.144 (6) A and with Sn-O = 2.086 (4) A. The 
uncoordinated carboxylate O atom forms a weak contact with 
the Sn atom, with an Sn- ■ O separation of 2.962 (2) A. 

Related literature 

For background information on organotin carboxylate 
compounds, see: Davies et al. (2008); Tian et al. (2005). For 
related structures, see: Baul et al. (2001); Rauf et al. (2008); 
Smith et al. (1986); Song et al. (2002); Wang et al. (2007); 
Willem et al. (1998). 




Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP 
(Bruker, 2002); software used to prepare material for publication: 
SHELXL97. 

This work was supported by the Shandong Provincial 
Natural Science Foundation, China (grant No. 
ZR2010BL012). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2352). 
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Tricyclohexyl(3,5-dibromo-2-hydroxybenzoato-/cO)tin(IV) 
X.-C. Liu, W.-T. Jiang, P.-C. Shan and W.-C. Ding 

Comment 

Organotin carboxylates form an important class of compounds that have been receiving increasing attention, not only 
because of their structural interest but also owing to their varied applications (Davies et ah, 2008; Tian et ah, 2005). 
Several structures of triorganotin 2-hydroxybenzoates, such as (2-hydroxybenzoato)triphenyltin (Rauf et ah, 2008), (2- 
hydroxybenzoato)trimethyltin (Smith et ah, 1986), [5-(2-phenyl-l-diazenyl)-2-hydroxybenzoato]triphenyltin (Baul et ah, 
2001) and (5-bromo-2-hydroxybenzoato)triphenyltin (Wang et ah, 2007), have been reported. As a continuation of these 
studies, the structure of the title compound is here described. 

The coordination geometry of the Sn atom is that of a distorted tetrahedron (Fig. 1). The Sn-Ol separation of 2.962 (2) 
A indicates there is a weak interaction between these atoms, which distorts the tetrahedral geometry by opening up the 
CI — Snl — C7 angle to 116.2 (2)° and reducing the 02 — Snl — C13 angle to 94.9 (2)°. The monodentate mode of coordin- 
ation of the benzoate group is reflected in the disparate 01 — C19 and 02 — C19 bond lengths of 1.227 (7) and 1.294 (7) 
A, respectively. Bond dimensions around Sn atom are similar to those found in the structures of tricyclohexyltin benzoates 
such as tricyclohexyl(4-hydroxylbenzoato)tin (Song et ah, 2002) and tricyclohexyl[2-(2-(2-hydroxy-5-methylphenyl)-l- 
diazenyl)benzoato]tin (Willem et ah, 1998). An intramolecular O — H - O hydrogen bond is found between the carboxyl 01 
atom and the phenolic hydroxy group (Fig. 1, Table 1). 

Experimental 

Tricyclohexyltin hydroxide (1.05 g, 1 mmol) and 2-hydroxy-3,5-dibromobenzoic acid (0.77 g, 2 mmol) in toluene (50 ml) 
were refluxed for 5 h with azeotropic removal of water via a Dean-Stark trap. The resulting clear solution was evaporated 
under reduced pressure. The white solid obtained was purified by recrystallization from ethanol, and crystals of the title 
compound were obtained from a chloroform-hexane (1:1, v/v) solution by slow evaporation at room temperature (yield 
74%, m.p. 392-393 K). Analysis, found: C 45.28, H 5.47%; calculated for C 2 5H36Br20 3 Sn: C 45.18, H 5.33%. 

Refinement 

The bonds C15 — C16 and C16 — C17 were restrained to 1.52 A. Atoms C3, C9 and C17 were also restrained to be approx- 
imately isotropic using the ISOR instruction in SHELXL97 (Sheldrick, 2008). H atoms were placed in calculated positions 
(C— H = 0.93-0.98 A and O— H = 0.82 A) and refined as riding to their carrier atoms with (7i S0 (H) = 1.2C/ eq (carrier C) 
and C/ iso (H3) = 1.5f/ eq (03). 
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Fig. 1. The structure of the title compound, with displacement ellipsoids drawn at the 30% 
probability level. 



Tricyclohexyl(3,5-dibromo-2-hydroxybenzoato-KO)tin(IV) 



Ciystal data 

[Sn(C 6 H 11 )3(C 7 H3Br 2 03)] 
M,-= 663.05 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 9.4912 (13) A 
b= 17.640 (2) A 
c = 18.0655 (18) A 
13= 117.200 (5)° 

V= 2690.1 (5) A 3 
Z=4 



^(000) = 1320 

D x = 1.637 MgrrT 3 

Melting point: 392 K 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3561 reflections 

6 = 2.4-21.4° 

|i = 3.94mm _1 

7=295 K 

Block, colourless 

0.20 x 0.20 x 0.10 mm 



Data collection 

Bruker SMART APEX area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co and cp scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
T min = 0.506, T max = 0.694 
19711 measured reflections 



5000 independent reflections 

3416 reflections with / > 2o(i) 
R int = 0.050 

A — CO A — 1 TO 

u max i ^min 1 ■ ' 

/z = 1 1 >1 1 

£ = -21^21 
/ = -21^21 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(7^)] = 0.048 
wR(F 2 ) = 0.136 

S= 1.02 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 0 2 ) + (0.0654P) 2 + 2.5252P] 

where P = (F 0 2 + 2F 2 )/3 
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5000 reflections 
280 parameters 
20 restraints 
0 constraints 



(A/0) max < 0.001 
Ap max =1.18eA~ 
Apmin = -0.93 e A 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Snl 


-0.02284 (5) 


-0.03487 (2) 


0.17370 (2) 


0.05127 (16) 


Brl 


-0.05150 (12) 


-0.16443 (5) 


0.55475 (5) 


0.0916 (3) 


Br2 


-0.41868 (12) 


0.10396 (7) 


0.46748 (6) 


0.1157(4) 


Ol 


-0.2363 (6) 


0.0418(3) 


0.2289 (3) 


0.0745 (13) 


02 


-0.0590 (5) 


-0.0504 (2) 


0.2783 (2) 


0.0581 (11) 


03 


-0.3647 (6) 


0.0922 (3) 


0.3169 (3) 


0.0827 (15) 


H3 


-0.3468 


0.0897 


0.2767 


0.124* 


CI 


-0.2443 (7) 


-0.0635 (4) 


0.0695 (3) 


0.0531 (14) 


HI 


-0.3199 


-0.0234 


0.0640 


0.064* 


C2 


-0.3114(9) 


-0.1376 (4) 


0.0826 (5) 


0.088 (2) 


H2A 


-0.3320 


-0.1330 


0.1303 


0.105* 


H2B 


-0.2345 


-0.1779 


0.0940 


0.105* 


C3 


-0.4648 (11) 


-0.1577 (5) 


0.0055 (6) 


0.111 (3) 


H3A 


-0.4961 


-0.2086 


0.0118 


0.134* 


H3B 


-0.5476 


-0.1234 


0.0018 


0.134* 


C4 


-0.4523 (11) 


-0.1535 (6) 


-0.0729 (6) 


0.112(3) 


H4A 


-0.5565 


-0.1614 


-0.1192 


0.135* 


H4B 


-0.3843 


-0.1943 


-0.0737 


0.135* 


C5 


-0.3877 (9) 


-0.0797 (6) 


-0.0853 (5) 


0.095 (3) 


H5A 


-0.3737 


-0.0818 


-0.1352 


0.113* 


H5B 


-0.4608 


-0.0388 


-0.0915 


0.113* 


C6 


-0.2316(9) 


-0.0658 (5) 


-0.0107 (4) 


0.086 (2) 


H6A 


-0.1887 


-0.0180 


-0.0177 


0.103* 


H6B 


-0.1582 


-0.1055 


-0.0071 


0.103* 


C7 


0.0607 (8) 


0.0785 (3) 


0.1761 (4) 


0.0616 (17) 


H7 


0.1360 


0.0750 


0.1531 


0.074* 


C8 


-0 0656 (9*1 


0 1329 (4) 


0 1204 (5) 


0 081 (2) 


H8A 


-0.1512 


0.1334 


0.1357 


0.097* 


H8B 


-0.1083 


0.1157 


0.0632 


0.097* 


C9 


-0.0006 (12) 


0.2130(5) 


0.1271 (6) 


0.105 (3) 


H9A 


0.0668 


0.2146 


0.0998 


0.126* 


H9B 


-0.0883 


0.2475 


0.0978 


0.126* 


CIO 


0.0909 (11) 


0.2395 (4) 


0.2135 (6) 


0.100 (3) 


H10A 


0.0200 


0.2456 


0.2383 


0.120* 


H10B 


0.1362 


0.2888 


0.2133 


0.120* 


Cll 


0.2194(11) 


0.1868 (4) 


0.2650 (6) 


0.099 (3) 


H11A 


0.2720 


0.2051 


0.3219 


0.118* 


HUB 


0.2971 


0.1848 


0.2441 


0.118* 


C12 


0.1548 (9) 


0.1075 (4) 


0.2636 (4) 


0.079 (2) 


H12A 


0.2422 


0.0732 


0.2942 


0.095* 
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Atomic displacement parameters (A 2 ) 
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0.048 (3) 


A A/C 1 

U.Uol (4) 


A A /I A /T \ 

U.U4U (3) 


A AAC (1\ 

-U.UUd (3) 


A ATA /"5"\ 

0.020 (3) 


A AA*7 (1\ 

-U.UU / (3) 


C21 


0.050 (4) 


0.062 (4) 


0.049 (3) 


-0.012 (3) 


0.023 (3) 


-0.004 (3) 


C22 


0.063 (4) 


0.069 (4) 


0.042 (3) 


-0.012 (3) 


0.025 (3) 


-0.001 (3) 


C23 


0.065 (4) 


0.099 (6) 


0.047 (4) 


-0.014 (4) 


0.029 (3) 


-0.002 (4) 


C24 


0.062 (4) 


0.096 (5) 


0.054 (4) 


0.007 (4) 


0.032 (3) 


-0.006 (4) 


C25 


0.054 (4) 


0.081 (5) 


0.050 (4) 


0.003 (4) 


0.022 (3) 


-0.003 (3) 



Geometric parameters (A, °) 



Snl — 02 


2.086 (4) 


C9 — H9B 


0.9700 


Snl — C13 


2.132 (6) 


C10 — Cll 


1.477 (11) 


Snl — C7 


2.144 (6) 


C10 — H10A 


0.9700 


Snl — CI 


2.144 (6) 


C10 — H10B 


0.9700 


Brl — C22 


1.894 (6) 


CH — C12 


1.523 (10) 


Br2 — C24 


1.894 (7) 


CH — H11A 


0.9700 


Ol— C19 


1.227 (7) 


CH — HUB 


0.9700 


02 — C19 


1.294(7) 


C12 — H12A 


0.9700 


03 — C25 


1.353 (8) 


C12 — H12B 


0.9700 


03 — H3 


0.8200 


C13 — C14 


1.519 (11) 


CI— C6 


1.508 (9) 


C13— C18 


1.524 (10) 


CI— C2 


1.520 (9) 


C13— H13 


0.9800 


CI— HI 


0.9800 


C14— C15 


1.496 (12) 


C2— C3 


1.527 (11) 


C14— H14A 


0.9700 


C2— H2A 


0.9700 


C 14— HUB 


0.9700 


C2— H2B 


0.9700 


C15— C16 


1.492 (9) 


C3— C4 


1.476 (13) 


C15— H15A 


0.9700 


C3— H3A 


0.9700 


C15— H15B 


0.9700 


C3— H3B 


0.9700 


C16— C17 


1.506(9) 


C4— C5 


1.499 (13) 


CI 6— H16A 


0.9700 


C4— H4A 


0.9700 


C16— H16B 


0.9700 


C4— H4B 


0.9700 


C17— C18 


1.527 (13) 


C5— C6 


1.498 (10) 


C17— H17A 


0.9700 


C5— H5A 


0.9700 


C17— H17B 


0.9700 


C5— H5B 


0.9700 


C18— H18A 


0.9700 


C6— H6A 


0.9700 


C18— H18B 


0.9700 


C6— H6B 


0.9700 


C19— C20 


1.484 (8) 


C7— C12 


1.505 (9) 


C20— C21 


1.387 (8) 


C7— C8 


1.506 (9) 


C20— C25 


1.398 (8) 


C7— H7 


0.9800 


C21— C22 


1.353 (8) 


C8— C9 


1.525 (10) 


C21— H21 


0.9300 


C8— H8A 


0.9700 


C22— C23 


1.394 (9) 
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C8 — H8B 


0.9700 


C9 — CIO 


1.473 (12) 


C9 — H9A 


0.9700 


o„ 1 fill 

02 — Snl — C13 


94.9 (2) 


U2 — Snl — C / 


1U8.4 (2) 


/— 11T O „ 1 P*7 

C13 — Snl — C7 


111 A /T \ 

113.9 (3) 


/ \~) Cl 1 /-II 

02 — Snl — CI 


105.2 (2) 


C13 — Snl — CI 


115.2 (3) 


p-7 C 1 P 1 

C7 — Snl — CI 


116.2 (2) 


CI 9 — 02 — Snl 


11/1 0 //i ~* 
114.5 (4) 


C25 — 03 — Hi 


1 aa c 

109.5 


p/c pi po 

Co — CI — C2 


1 1 A C i£\ 

110.5 (0) 


p/c p 1 1 

Co — CI — Snl 


111 A t A \ 

1 1 1 .9 (4) 


po p 1 c~ 1 

C2 — CI — Snl 


in 1 //i \ 
112.2 (4) 


p/c pi tui 

Co — CI — HI 


1 A"7 1 

107.3 


PO P 1 TT 1 

C2 — CI — HI 


107.3 


C— 1 P 1 TT1 

anl — CI — HI 


107.3 


CI — C2 — C3 


110.4 (6) 


p 1 pi tti a 
C 1 — C2 — H2 A 


1 AA /C 
109.6 


pi PI T[T * 

C3 — C2 — H2A 


109.6 


P1 PI TT1TO 

C 1 — C2 — H2B 


109.6 


pi PI TT1TO 

C3 — C2 — H2B 


109.6 


TT1 A r 1 ! inn 

H2A — C2 — H2B 


1 AO 1 

108.1 


p/i r^"i pi 

C4 — C3 — C2 


1 1 1 0 /o\ 

113.8 (8) 


p/i r^"i tti a 

C4 — C3 — H3A 


108.8 


pi pi TTT A 

C2 — C3 — H3A 


1 AO O 

108.8 


p/i pi inn 

C4 — C3 — H3B 


1 AO O 

108.8 


p-> /—1 n TT1D 

CZ — C3 — H 3 13 


108.8 


TTT A P n ittd 

H3A — C3 — H313 


107.7 


P/1 PC 

C3 — C4 — Cj 


1 1 1 O (H\ 

113.8 (7) 


P "J p,1 I I 1 A 

C3 — C4 — H4A 


1 AO O 

ius.s 


Cj — C4 — 114 A 


1 AO O 

108.8 


PI /—I /I TT/IT) 

C3 — C4 — 114 B 


108.8 


Cj — C4 — H41J 


1 AO O 

108.8 


WW A A P /I TT/ITTJ 

H4A — C4 — H413 


107.7 


p / /-if p /) 

Co — Cj — C4 


1 A O 1 iO'\ 

1U6.2 (S) 


p / /-if T TC A 

Co — C5 — H5A 


110.1 


p/i pc T TC A 

C4 — CD — H5A 


1 1 A 1 

llu.l 


P/C r'C TTCT1 

Co — C5 — H5B 


110.1 


P/I PC TJCD 

C4 — CD — H5B 


110.1 


TTC A PC T1CD 

H5A — C5 — H5B 


1 AO A 

108.4 


pc p/c pi 

C5 — Co — CI 


1110 
112.8 (6) 


s • r p/: W W£ A 

Cj — Co — HoA 


109.0 


/—1 1 /"I /" TT/" A 

CI — Co — Ho A 


109.0 


C5 — C6 — H6B 


109.0 


CI— C6— H6B 


109.0 


H6A— C6— H6B 


107.8 


C12— C7— C8 


113.2 (6) 


C12— C7— Snl 


112.0(4) 



C23 — C24 


1.357 (9) 


C23 H23 


0.9300 


C24 C25 


1.389 (9) 


pin p| 1 TJ 1 1 A 

C1U — CI 1 — HI 1A 


1 A A A 

iuy.4 


pit n 1 ttiia 
C12 — Cll — H11A 


109.4 


pin pi 1 T|i | n 

C1U — Cll — rll IB 


1 AA A 

iuy.4 


pn P11 iii id 
C1Z — Cll — 111113 


1 AA A 

iuy.4 


TT 1 1 A P 1 1 Til ID 

rlllA — Cll — rlllB 


1 AO A 


P*7 p 1 f) P 1 1 

C7 — C12 — Cll 


111 O 

111.8 (6) 


p-7 PIT T_T 1 T A 

C / — C 1 2 — H 1 ZA 


1 A A 1 


p 1 1 pit un A 

Cll — C 1 Z — H 1 Z A 


1 AA 1 

iuy.3 


p-7 p 1 -) TT 1 -)D 

C / — C 1 Z — rl 1 Zr> 


1 AO 1 

iuy.3 


PI 1 pi 1 Til ~> D 

Cll — C1Z — HIZd 


1 AA 1 

iuy.3 


U11 A PI 1 TT 1 ID 

H 1 ZA — C 1 Z — H 1 Zr> 


1 A"7 A 

iu/.y 


pi 1 pi i pio 
C 1 4 — C 1 3 — C 1 0 


1 AA A f~J\ 

luy.y (/) 


P 1 A p 1 1 C,, 1 

C14 — C13 — Snl 


111/1 /C~\ 

1 1 1.4 (J) 


PIO p| 1 c 1 

C 1 0 — C 1 3 — Sn 1 


in/; /c\ 
112.6 (5) 


PI 1 pi 1 TJ1 1 

C 14 — C 1 3 — H 1 3 


1 A"7 /; 
1U/.6 


P 1 O PI 1 TJ1 O 

CI 8 — C13 — 1113 


1 A"7 /C 

107.6 


C~1 fi] ■) TT11 

anl — C13 — Hli 


107.6 


nc pn 
CI 5 — C14 — C13 


1 1 1 (T /o\ 

113.6 (5) 


PK pn Tji J A 

C15 — C14 — H14A 


1 AO O 


pn pi/i Tji j a 
C13 — C14 — H14A 


1 AO O 

1U6.S 


PK P1/1 T_T1/1TJ) 

C15 — C14 — H14B 


1 AO O 


pio pi d t_ti/id 
C13 — C14 — H14B 


1 AO O 


Ui yl A P1/1 T_T1/1T3 

H 1 4 A — C 1 z l H 1 4h5 


1 A"7 "7 
1U/./ 


pu pk pn 
C16 — C15 — C14 


1 AA C /A\ 

iuy.5 (y) 


pi£ pK TJ 1 C A 

C 1 6 — C 1 5 — H 1 5 A 


1 AA O 


PH pK TJ1CA 

C14 — C15 — H15A 


1 AA O 

luy.s 


pi£ pK ui CD 

CI 6 — C15 — H15B 


1 AA O 

luy.a 


P 1 A PK TJ1CT3 

C14 — C15 — H15B 


1 AA O 

luy.s 


TJ1CA PI C TJ1CT3 

H 1 5 A — C 1 5 — H 1 5hs 


1 AO 1 

1U6.2 


PK pi.: pn 

C 1 5 — C 1 6 — C 1 / 


in; /A\ 

113.5 (y) 


pk pu t_ti/;a 
C 1 5 — C 1 6 — H 1 6 A 


1 AO A 


pn pi<r t_ti/;a 
C 1 / — C 1 6 — H 1 6 A 


1 AO A 


pk p 1 /: t_ti/:t3 
C 1 5 — C 1 6 — H 1 6B 


1 AO A 


pn p 1 /: t_ti/;t3 
C 1 / — C 1 6 — H 1 6B 


1 AO A 

lus.y 


t_ti/;a pu t_ti/:t3 
H 1 6A — C 1 6 — H 1 6hs 


1 A"7 "7 
1U/./ 


pi.: pn PIO 

Clo — CI / — Cl5 


Ill 1 /A\ 

112.2 (y) 


pi.: pn un a 
C 1 6 — C 1 / — H 1 / A 


1 AA 1 

iuy.2 


pio pn tj n a 
C 1 0 — C 1 / — H 1 / A 


1 AA 1 

iuy.2 


pi£ p 1 -7 unn 

C16 — CI / — HI /is 


1 AA T 

iuy.2 


PIO P 1 "7 JJ1TTD 

CIS — CI / — HI ID 


1 AA 1 

iuy.2 


H17A— CI 7— H17B 


107.9 


C13— C18— C17 


110.4 (8) 


C13— C18— H18A 


109.6 


C17— C18— H18A 


109.6 


C13— C18— H18B 


109.6 


C17— C18— H18B 


109.6 
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po en c 1 

Co — C / — bn 1 


1 1 a n /c\ 
114. U {J) 


TU10A PIO III O I) 

hi 1 OA — C 1 o — hi 1 or> 


1 no 1 
lUo.l 


CI Z — C/ — hi/ 


1 ac a 


Pi 1 p 1 n m 

ui — ciy — uz 


1 11 O (£\ 

1ZZ.0 (0) 


PQ p-7 TJ'7 

Co — C / — hi / 


lUD.O 


Pi 1 p 1 n pin 

ui — ciy — CZU 


111 1 

121. / {o) 


c„ i pi in 

bnl — C/ — xi/ 


llD.O 


Pii p 1 n pin 

uz — c i y — CZU 


1 1 C C 

LLD.J {0) 


p*7 po po 

c/ — Co — cy 


111 <C i"7\ 
111.0 (/) 


pti pin PTC 
CZ 1 — CZU — CZ j 


nn 1 ft:\ 

ny.i (0) 


p-7 po tjo a 

C / — Co — 1 loA 


iuy.3 


po 1 pin p 1 n 

cz i — czu — c i y 


111 *7 ( £.\ 

LZlJ {p) 


pn po tjo A 

Cv — C o — hi o A 


1 nn q 

iuy.3 


pic pin pin 

cz5 — czu — c i y 


1 1 n i f£\ 

ny.z (0) 


Pi P o iion 

C / — Co — hloB 


iuy.3 


pii pi i pin 
CZZ — CZ I — czu 


111 1 

1Z1.1 (0) 


ppi po i i o O 

Cy — C o — hi o r> 


1 nn i 

iuy.3 


P11 PI 1 IT 1 1 

CZZ — CZ 1 — hlZ 1 


1 i n c 


TJO A P o lion 

rioA — Co — hlor> 


1 no n 
lUo.U 


pin pii 1 1 1 1 
CZU — CZ 1 — hlZ 1 


1 1 n c 

ny.j 


ciu — cy — Co 


113.0 (/) 


pn pii pn 
CZ 1 — CZZ — CZ3 


1 in n f£\ 
1ZU.U (0) 


pin pn i in ,\ 

c i u — cy — riy a 


1 no n 

lUo.y 


PII PII O .- 1 

CZ1 — CZZ — Brl 


1 in a /c\ 
1ZU.4 [j) 


po pn i in * 

Co — cy — hiyA 


1 no n 

lUo.y 


PII PII O .- 1 

CZ3 — CZZ — Brl 


1 1 c\ a ( c\ 

i ly.o \p) 


pin PPi UflD 

c i u — cy — hiy d 


1 no n 

lUo.y 


pi /i pn pii 
CZ4 — CZ3 — CZZ 


1 1 n o ( &\ 

ny.o (0) 


PO Pfl UflD 

Co — cy — hiyjj 


1 no n 

lUo.y 


pi/i pii im 
CZ4 — C Z 3 — hlZ 3 


1 in 1 
1ZU.1 


1 1 n * pn unD 

hiyA — cy — hiyB 


1U /. / 


pii pii on 
CZZ — CZ3 — hlZ3 


1 in 1 
1ZU.1 


pn pin pi 1 

cy — ciu — en 


in/; /"7\ 

11Z.0 (/) 


PII PI /| PIC 

CZ3 — CZ4 — CZj 


111 1 f£\ 
1Z1.1 (0) 


CQ C 1 0 hi 1 0 A 

V / — V 1 u — 1 1 1 Urt 


1U;7. 1 


Cll, CIA Rr? 




Cll — CIO — H10A 


109.1 


C25 — C24 — Br2 


118.8 (5) 


C9 — CIO — HI OB 


109.1 


03 — C25 — C24 


118.9 (6) 


Cll — CIO — H10B 


109.1 


03 — C25 — C20 


122.3 (6) 


H10A — CIO — HI OB 


107.8 


C24 — C25 — C20 


118.8 (6) 


CIO — Cll — C12 


1 1 1 .0 (7) 






P 1 1 1 Pii pin 

C 1 3 — bn 1 — UZ — C 1 y 


1 *70 £ /C\ 

1 /o.O (:>) 


Uz — bn 1 — C 1 3 — C 1 6 


1 "71 O 

1 /Z.o (0) 


P*7 C-.1 Pii pin 

C / — bn 1 — UZ — C 1 y 


£ 1 /I /c\ 
01.4 (p) 


C / — an 1 — C 1 3 — C 1 6 


-/4.0 (/) 


pi c-. 1 Pii Pin 

C 1 — bn 1 — uz — c i y 


-03.0 (p) 


CI — snl — CI 3 — CI 6 


03. D (/) 


p.-) r„i pi p/: 

UZ — bn 1 — C 1 — Co 


1 T) n / c\ 


pi o r^ii ru pic 
C 1 6 — C 1 3 — C 14 — C 1 5 


C"7 1 / 1 1\ 

J /.Z (1ZJ 


pn c-. 1 pi p/c 
CI 3 — bill — CI — Co 


/;n n 
-Oy.U (0) 


o~i ni pii n c 
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1 "7*7 1 ZO\ 
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p-7 C„1 PI P/T 
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Oo.U (0 ) 
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CC O (\ A\ 
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Co — cy — c i u — c 1 1 


CO o /in 

ji.o (11) 


/"^n pin pi i pn 
cy — C1U — Cll — Clz 


ff O /I 1 \ 

— JJ.O (11) 


C8 — C7 — C 1 2 — C 1 1 


-51.7 (9) 


Snl— C7— C12— Cll 
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CIO— Cll— C12— C7 


54.6 (10) 


02— Snl— CI 3— C14 


-63.2 (7) 


C7— Snl— C13— C14 


49.5 (7) 


CI— Snl— C13— C14 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H 

03— H3-01 0.82 



Br2— C24— C25— 03 -5.3 (9) 

C23— C24— C25— C20 -3.5 (10) 

Br2— C24— C25— C20 174.5 (5) 

C21— C20— C25— 03 -176.7 (6) 

C19— C20— C25— 03 3.6 (9) 

C21— C20— C25— C24 3.5 (9) 

C19— C20— C25— C24 -176.3 (6) 



H-A D-A D—H-A 

1.84 2.564 (7) 147 



sup-8 



supplementary materials 




sup-9 



